Jasmonates are generally considered to mediate signalling, such as defence responses, flowering and senescence. However, factors involved in the jasmonate signal-transduction pathway remain unclear. T o clarify the functions and signalling mechanisms of jasmonates on a genome-wide level, we adopted a cDNA macroarray technique. We prepared nylon filters of a cDNA macroarray on which 2880 independent expressed sequence tag clones of Arabidopsis were blotted, and hybridized ""P-labelled single-strand DNAs synthesized from mRNAs of methyl jasmonate (MeJA)-treated and untreated Arabidopsis plants to the nylon filters. By analysing the data from the cDNA macroarray, we identified many functionknown and unknown genes as MeJA-responsive genes, and confirmed that the profiles of the expression showed good agreement with Northernblot analysis. These results demonstrate the efficiency of the cDNA macroarray for systematically analysing jasmonate-responsive genes on a genome-wide scale.
Introduction
Jasmonate and its derivatives are synthesized from linolenic acid through oxygenation with lipoxygenase. Jasmonates can modulate many physiological events, such as resistance responses to pathogens and insects, pollen development, root growth and senescence [l] . Jasmonates are regarded as a new class of phytohormone. However, several factors involved in jasmonate biosynthesis remain to be identified, and the signal-transduction pathway is still unclear. T o clarify the functions of the jasmonates and the mechanisms for jasmonate signalling on a genome-wide level, 
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we adopted a cDNA macroarray technique for systematic analysis and isolation of jasmonateresponsive genes. We prepared a cDNA macroarray filter, consisting of 2880 distinct expressed sequence tag (EST) clones of Arabidopsis thaliana printed in a high-density array on a nylon membrane. Here we show that the cDNA macroarray provides a practical and economical tool for studying expression of jasmonate-responsive genes on a very large scale.
Experimental Preparation of cDNA macroarray filters E S T clones from the above-ground parts of
A. thaliana (Colombia) were amplified, arrayed and fixed on to nylon membranes in the form of PCR products of plasmid inserts. Each nylon membrane contained 2880 unique clones, and a set of clones was spotted in duplicate.
Hybridization of cDNA macroarray filters and identification of methyl jasmonate (MeJA)-responsive genes
Seeds of A. thaliana (Colombia) were grown in Murashige and Skoog medium, containing 1'4 (w/v) sucrose under continuous light at 22°C. After 10 days, plants were treated with 3 0 p M MeJA and harvested. From total RNAs of MeJAtreated and untreated plants, mRNAs were isolated using oligotex-dT30 (Takara). [a-"P] dCTP-labelled single-strand DNAs were synthesized from 0.1 pg of mRNA using an oligo-dT primer and RNA PCR kit version 2.1 (Takara). Hybridization to the cDNA macroarray filters was carried out at 65 "C for 16 h, with Church phosphate buffer (0.5 M Na,HPO,/l m M EDTA/7 : / o SDS), and the filters were washed twice with 0.2 x SSC/O.l yo SDS for 20 min at 65 "C. T h e filters were exposed to an imaging plate (Fuji Film). T h e radioactive images were obtained with a high-resolution Storm scanner, and analysis of these images was carried out using Array vision software (Amersham Pharmacia). T h e scanning sensitivities for each radioactivity were normalized by matching the average signals of all elements, and their intensities were compared. T h e Hour expression profiles of Me JA-responsive genes were confirmed by Northern-blot analysis.
Results and discussion
We identified MeJA-responsive genes in the 2880 EST clones by analysing the macroarray data, and more than 1 yo of the clones, including functionknown and unknown genes, showed expression changes. These clones included lipoxygenase T h e present results demonstrate that cDNA macroarrays provide a simple and economical technique to systematically analyse geneexpression patterns on a genomic scale. We are currently analysing the jasmonate-responsive genes in more detail, and trying to isolate T-DNA insertion mutants to identify physiological roles of the newly found jasmonate-responsive genes.
